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16IMDB 

13 1 Lon 



mtt:mw.ms.mmifmi<zti\>^x . 

mt ^mw<r)Mzmm-i> ttuz. n^m^ 

[ii*«4 ] mmimi(r>immztiiismmm& 

ifxmimmi:mm-hzb ^mib^m-^msM 

b. 

m&mm^^tih ij<7)X'mtmm^coimmb iix 
'yi-y'mmm^tm.m<omt'ssib mtt:^ 

immzi5\,^X. 

Tb ^mmiz^mi^^tix\>^hzb umbi-i^ 
mmt&xmb. 

msmmfsicomm.izmMimm^^iii>mim<7) 

b ^(Dmiz<7)mm-^ bbtiz. mmi^mcDm 
mzmmrnim^-tt z b S:#sit-ri.^i*sis 

[0001] 

^mmrnizmt. mi<iif^T}Vi>'^i^ymizi 
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[0002] 

7'x7)V^'7i^yrxn^Xcr,mm^'^hh.X\'^t. t 

fz. iSMmmmm^^mmitLxm^s.iimti 

(FSG) . r^-^xi^^)timti^hh. 
[0003] f:t.7)Vir'7i'yrvi-^xxM. *^Ht^ 

<ms:mmht:Mz. wmm^^mk^izwm 
hzbtrnwc-hh, wz>f>. n-wumcommcr) 

iar. l MDmb^^o . I MOmnter Metal 
Dielectrics m) t (IJJIT, I LD 
I LDi^Inter Level Dielectrics COVl^) b 

x'iim^j:ittmmx. I Momb i LDm<r>miKit 

coX\.'o:'yi-yf^im\'^xmmiJ&mtl. \.^h^l 
7T-Xhb'7 (FV) a*t-«WTftl>. Zeom:X' 
(4. I MDISt I LD!S<7)x-yf-y^aS?ttSril^rJtn 

m(>^j:^^fz)!b.m<7)mmm(>ixxit\>\ ild 
miziiimm(DM\.mm^m^t^him\'\ mt 
tf. iMD^iz^mmmw iLDmazm^i^^ja 
ymmt:m^^x\'^i>, 

[0004] tt:. X-yf->'/;^b y>'N*S:IMDMi: I 

( SADD ) S**, VM I C Conference Abstract, 
(1997) Y.Morandffi. p.75-80 iZW^.^ilX^-'t. tlT 
S A D D ffitOiglSSrH 7 <OiSjiXg0 1 J: -? TlJi 

[0 00 5] (1 ) ts^-fipt. h^yjx^ 
m 1 <rmm. 1 1 1 tJiSISHfllJtom 1 coSIill 1 1 

2m^'^ixx\^h. im.\<r)m^\ i i±tmi 

(7)121^1 1 2S:SeW«a^-CI LDm 2 1 $rmi- 

LDJil 2 l±tCX.y^y^^Xh-y^'?ei 
2 2$:Jg|«-ri>. 

[0006] i^V^Tll7<0 ( 2 ) tCS^-r J: 3 IC. 'J V ^ 
77>f-iitetX.yf-y:/i:lCj;0, X-yf-^l/Xh-y 
v-?! 1 2 2 \zW^^mX'fht;L^<rmuU 1 2 3 SrJg 

[0007] »:IC07<^ ( 3 ) tC^-f J: 0 tw, ±ifiX.y 
f-y^'Xh>yy'?H2 2±K^Pg512 3«:ap IMD 
ISl24S:*ffillgt'm-tS, -?-Ofi, IMD^124 
}J,zn-Y^X^ 1 2 5S:K'fkvy:>--h;{r5X|g-Cje 

[0008] »:v>-c07<^ ( 4 ) \,Z7V!ti. 0 tc. lEliim 
mm-hrzi^<7)Ui^'x mi 3 1 ^m^itctk. u v 

/9 7 -mi>zi. 0 ±au vx MK 1 3 1 icHlil^N- 
^-yi3 2imii-th, 

[0009] ^V^Tia7<0 (5) iZTfrt^diZ. Ji^U 
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2 6 im^bt:^. x.yi-yyx h -y^-^m 1 2 2 Srx y 
^yf^-rx^'izm^^X. I LDUl 21^x-y^>':/L 

[0010] ix^'^xmico ( 6 ) tc^f i ^ t-. ±ieE 

ta?8l 2 6t5j:t;fSmi2 7{c/N'Ur^^;W®l 28 

^mtJtf^. ^WN'iJT^rJ'/Hl 2 8Sr:n-LTfiltl 

CMPJiChemical Mechanical Polishing <0V^) fcJ: 

^i^iLT. ieiijii2 6rticA''jrp<^ 

yUSl 28&:frLTi^l2 9S:JgfiK-ri.i:i:t,t. 
«ffl,l 2 7|*|t-'N'Urp<^;Hl 28*:rt-tT7*9^'l 
BOSrJ^fig-rS. 
[00 111 

[%BB**Jg^LJ:dt-rsillffi] U^L^r3!)«<i. 

Fvmx'it, wmtrnx-mm^ti^ i LDM-^^BScm 
•tit:)^. iMDmizmmmmm^^xh.mm^ 
m+^izimx'^^j:\.\ 

10 0 12] trc. SADD^TJi. IMDISfcXy^ 

fdth. IMDH. I LDlifc:t«tJi2rffl«.\ x-y^y^ 

h yn\zwmM<r>%\yi^m'hhm(mmi^^ 

[00 133 

[00 143 ^1 (T^m^mt. wmjm^^iih 

fgt. :LKt^Z.-)(nwm.<r)Wmzl6^^td-z:si'',^y 

/X h -y^N-at Srii;lit ttOf, X-yf-y/X h •y.'^S 

^'^fLX\^h\i(riXhh> 

[0015] mm.<m i <mm\i^wc\i. x >y f- 

S t . zo<?)ffiMyi<^llSlfcms<x«.x .y f-y 

h •y>'N"S<OfiA^:«^«OX -yf-yi/X h >y A-^titK 

LTit-^rv^. jlS. :Ly^y'/xV'ynm\t^')^yA 

m:^'^mi^£>i(mmim\m'^x^m^%fy.x 



[ 0 0 1 6 ] 111 (n^^mm^nmt. mmui^ 
m^iihmMm<^tmmmthxmii. mm 
m<r>mm±izji-yi-y'/x h -ymmmt^xm. 

x-yi-y^xh'y^mt:W.mthi:j(OXmiM^<D 

imfgikiizm.mim^^tii>m!scomimmm- 

hj.mtimtfzmmiimizis^.'^x. ^Ly^yyxv-y 
m^^mmwL^Mwmt^mm(r>Mzm^ 

yyxV'yjmzm^'th:ihimLbLX\^^. 

[0017] ±iam 1 (^^^wmm<n'^-fjmx'\t. x 

•y f-y^x h -yyN-SSrSEil^A^JeSSixSSiSTt ^(r> 
fm<^7t.\izm^-i-h:Lti}*t=. x.-/i-yi^xhy^-<m<D 

mm^<n:!i'y^y'/x Y 'ynmtm.LX')'-^j:<^j: 

I. . a^. X y^y^/x V -y^miti^ u 3 yms.im'^ 
mm^^ixmrnt tiMzmMtm^^^iC^k ^rs 

ifi. z.(r)i. 0 t:x v^yyx v 'yjm<r)miimt^1xX 

[ 0 0 1 8 ] ^Tt:. X >y^y^x h yjmiwmkm 
mtiimiTi: ^<r>wm(^Mzmmh 1 1 1 tc. « 
im.mmhfzit><nmumy.-yi-yyx v •y^'Jiii 

Jg^-tl>;t*»^. x y^y^<;^h>yy?S$:BSIUiia<o 

wm^zw^immm<^:L-yi-yy'7xi^ t t-r 
)i!c-ri. i: ^> , wM!m<n>immz'm.mm^bfz^ 

tc, ia^«*^'x-yf-y^xh-yA-l$rJ4;?^ai-rc:i:=5:< 
x.y^y/xh>y>'Sl±i::m$n^C:ttc^l.. 

t:m^-fhmz. y -/y^yyt -nwnm^mzis^^ 
x-^x^-kh^rffit^m-bi^tLxi,. wmm^ 
^fitmiymmz tx y^-y^x v >y ^Ji^mt 

h<DX\ :s^'y^yyxV yfmt:\,i^^LXWMmim 
[0019] m20^«f<^l«4. ««g?L*^J^)SSn?. 

E^isi^o^iKi:. mtmrnm^Miiffyx-mm 
mmmui:i^'yi-yi^mmf:^hm!smm 
iitiiiitzi>co{zi5^^x. mimmmma. 
mm^^ixhmmTt^mmiiZ(7)mm^tLX\>^h 

[0020] ±sim^(^m2ffi^mimsx'ii. mm 
fSinimmii. mmtm^^iiimmTk ^mmiz 
</)m&^tix\^hzti}^ti. ^^(7)miti^o^y!^ 

<^:-ptv^s. mfti^o^ymimmA. 2m 



[0021} m2<DmHf^s<omm.iTmii. mmui^ 
m^^tihmm^<ommm^timt. mm 

t&tt hiz. mm<7)mmizismit:mm-i z t 

[0 0 2 3] tti. mmm<r)WMmim.mm^^ 
ii^^mTt'icr)^mcoMzm!iL-r;^ t *»a> . mmi 
<7)mmizm.mm^Lt:mz. wmmmmm 

m^izmmm^^ixh. ttc. wMmm^ti 

[0024] 

iw^ffi^mm] ifmn<^mi<r>^mwmm.^z^h 
h^mm: . m i nmmmm^^izi. -yxmm 
s KDT>mi,zm-^\^tz-:^^ffy)jm^zSi 

[ 0 0 2 5 1 13 1 t^t i ^ tCs mui'y') 3 ymwi<r> 

iir)^j:mwm. (Il^-f ) m^^tiX\^i>V 

m\<rmki2im^^tix\<^h. s ^fe:-e<^«»iR 

1 1 ±{^{4, item 1 iOEii 1 2 {.(ox-^mjfi 

l&^^tltWmm>mmt^j:h I LD (inter Leve 
1 Dielectrics ) fgkl3ifi. 3 0 0 nmCOliSfc: 

m^^tlX\,^h, LD^l 3J4. ^iJiJf-'KUrU 
-^PX-r/l^TJ^^StLTV^S. tfz\t. BCB^. ;jr 

m-^mmfix\.yc%>i.K^. 

[00 26] »:v^X'±i£i LDMl 3±lC{i. X-y^y 
yx V -yA'l 1 4 t)K ^Ui 1 5 0 nin(0J?$<0i5'{fc;v 

';3yK-C'JB^$it"ri.^-S). c:<ox>y^>'^'xh-/>'«e 
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smmixxK^h. ±mi3mimmhmm<r)^ 

X'?x^'^h^-ffi^n^ L-ct,iSS«*<X7^y/x 

[0027] ±EI LDIKI 3±W4, iffiX-yf-V^^ 

X b >yyN-ii 1 4 S:aa t<o-ciii8^*i}^^$iT.«.iei8s 

Oie]^Mi:tirS I MD (Inter Hetal Dielectrics ) m 

16*^ Mxtf3 0 0nmcOff§lCj^m§ixTV^I.. Cl 
<7)IMD|il6(4. ±IEI LDll 3i:|5l«^|,^t^^[<^ 
ffi<*lSt:'Jg)«$it-CtJ:<, S3t(4. , BCBR ,-K>J 

[ 0 0 2 8 ] ±ia I M Dm 6±C{4, A- H VX^'l 

1 7*<. mumVCi' 'J 2 0 0 nm<Olf ${C*ta 
U-CJgfi£$*l. -5-0>N-Hvx^'jil7C{41ii«l?$MN-:^ 

->'t^:i.g3P^i83W^{iK$*trv>i,. §^>fc±iera 

□SKI 8T<0 1 LDISl 6W4E^«2 l*JJ^fi!c§n, 
±iEX-y^y^^Xh-yKjll4t^^§*UtSPSSl 5 
TOI LDMl 3{C{4«m2 2*<m$nTV^I., 

[0029] ^fc, ^imMi 2±.{zm.iv^')oym 
<7)i.ot£mm±Mm^^tix\^hi^\,z{t. wmi 

2 2\mmiM^wkLxm<r>wSii 2<^^m\,zm: 
■fhXoizm^^tix^^i,. 

[0030]$ h\,z±.wmm2 1 ni.x^mmi2 2<n 

«-rtffifc{4A'Ur^^';l.ji2 33&<}gjig$<l, il|g«21 

<r>nmz\i. ^(0J^V7^^)i'm23i'ffLx. mm 

«t L<{4l3-^^*^'i>^l.m20EiS2 4*«§it. 
±ie«gHL2 2cOrtai(c{4, ±MJ^*)7;<^)Vm2 3i 

itLx. mmmhL<\m^ii*ty^j:hr'7y25-ti^ 

mwL^iix\^h. 

[0 03 1] ^h\,Z. iJBIMDMl 6fcj;t^m2<0ffi 
»24±tc. ±teittBJU>:iOfc|si«5r* I LDflgl 3. 

IMD^l 6. tJ^2 2. Eil?i2 1. S2£7)iE^2 

4. 7-7^2 5^^«figLT. ±ieiBt*flijis-aJiU7t 

[0032] ±IE« 1 Oldtc^J^SS-CSi^LfeiiMii*^ 

Mt14, X y^y^X h -y A-l 1 4*^ l^«2 1 
^■OX.y^y^'X h .yytJi 1 4C«g8?L2 2&}gJi!t 

<r)^mw^. -f^rfc^i ldki 3i: iMDjgi 6t<7)i 

^li»^Stx&x-y^y/x b «y A'l 1 4<0i*«fi!*<^ 
SADDSti OJg^SiiSx.yf-y^xh yyijgfclt 
iJLTii'-^<=5r-5TV^I>. 51^. x-y^y^^xh •y>'>-l 
1 4{4. iieSiBBL^^J: ptc, I MDlSl 6 

\,zn LTx -x ^yy^ti\,z< v^i. y 3 y^KfliK^S^b 
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m 1 4 ffi^tmt hfih i t c i 0 . umi (^2 <oe 

^24, 24^) feJ:imi^(miC0i£lll2hm 
ixh. 

{ 0 0 3 3 ] ijctc. mmRit:'m<^m!i,zinih^ 

mmi. m2a)m!mmmm,zi.-^xmmfh, 02 

[0034] 02 friaa 1 (c^l^c^ 1 

A'li 4^«MLr I LDi^i 3^zm-h^t,zm^^ 

iiTV^T, ■e<0J;d^rBBII«2 1<?)rtg|5fc:>'N''Jr>){^;P 
12 3 ^itLXm2(nmk2Am^^flX\^h t<OT' 
bt:i}<^X. x«y^y^^;^h7^N'fll4{c{iiHgl 
«21«OTia5tm§tl.TV^I., -eoftecOlgjSgPJl.Tft 
I., itei^!ill> ^l«7)iBil81 2. ILD)il3.^P 
gB15, IMDiiie. A-H-7X^'117. ^PgPl 
8. ^^22, A-i;r^:?;H23, m2c7)il^2 

4, ryy2 5mii. ms!^i<7>mmmxmmit: 
iicokwinx'hh, 

[0035] ±Mim2l,Z7^lfcm^XU. x yf-y/;^ 
h >y A» 1 4 fciS«RSl2 1 ^mt^cOT. H 1 tCS^L 

fcx.y^y'/x V ytm 1 4 J; 0 i>^cOi*:a*^ii'-^r<5r 

L/til]S«2 lo^^itt, EilS. iESSSiOil^W=5: 

[ 0 0 3 6 ] . m 1 oiii3i«^acosgJi:^tffi4? 
ssijfiioj^ss:. m3mmMm^3;.'>xwm-h. 
m 1 -cji. SAD Yimizm^\^ti-iii%^<nmi.zi: m 

uzmwLUS'ut m.<r>h<^><z\m-'^^i:n^-th. 
[0037] ias^{iL^>-^*«s ^imwi. mni'y') 

■f) m^Ltz^k. 030 ( 1 ) fc*-rJ;dtc. 

ii^jgji^-ri.. Wi^x'z<r)imm \^zm\m,m 
■rs. ^ffmmi i±fciiioijiiii 2Sra3t,<oT' 

ffiiSira<?5i^Mt=5rS I LD (Inter Level Dielectr 
ics ) mi3^mUi3QQ nm<r)W-^^zm^-fh , ^ 
<0I LDIRl 3{i, l5l;ltf!K'jry-;Px— f;U*>fe^r 
0, ig^^B&t<J:'5^'Jr'J-;UX-r/1^08uKf*:S: 
^ffiL?tf^. 3 0 0°C~4 5 CC ( ddm-eiit tt 
«i4 0 0"C) tfoiajliatcj; omt/s. I LDjg 
l3fcJi. --K'JT'J-yl'X-ryuoffitc. mtf. BC 
BIS. -■K'J'f T=^)V7rX^-if^yWj:i£mi 

mmms^^m^h^thn^x'hh. 

[0 0 38] »:<-^f±IEILDKl 3±tX-y^>'^'X 
h yK® 1 4 J . 09i.« 1 5 0 nin«?)JPS<OiKkj' U 3 



ymx-m^th, c:ox-y^>'/;^h"/A-ii4{i:. 
;i{fr7XvcvDa(cJ:0, 7'n-tx;«r;!.i;ty v5 
y (SiH, ) tKtiy'i^^y (Slj He 

^£i^^yjkiixim^^xwim^ixh. mm. n^^yx 
{ctyi^^y (siH, ) t-mikz^m (Hi o) t 
s^iss^ 3 5 o-c, mMm%<7)m}i i k 

PatS^U-C. ^^ffofco ±fex.yf-y^^;^h.y 

[0039] di\^xm3(r> ( 2 ) izm-i. o IC> 
VVi^yy ^-mt:s^y^yymtm\'^x. ±12 

X-yf-i^/Xh •yv'N'Ji 1 4$-A-^--y7'-f 4. ^(7)A' 

^'-->'^t14, UvXhM (0S^-f ) ^x-yf-y^^ 
•rx^Kfflk^itx.yf-y^^tJ:"). ±^X.yf->^^Xh 

■y A-jg 1 4 {3, ±iem 1 1 2 tat- -s^^ 
nmm-^tci^comnui ssruex-y^v^^xh-y 

SlSirri: -e^Oigfflcoiiex.y^y^x b -yVN-l 1 4 Sr 
SLT. •?-Ofl!lcog|5^Srx.y^y^xh-yA-ai4co^ 

a. mtmmfiti-mmm.mz}s\.^x-?:^^-^h 
±i.zm^^ti6mmt't^. 

[0040] ±SX>y ^y/X h yJ^n 1 4 ^J^tf^T* 

>-^^T-J4. 0«xtf-«6<j^r7X-7x-yf-y^gas:ffl 

V\ X.yf■y^^;7yx^c:T^77;^:t^;<^'y (CF4 ) 
bTtU^y (Ar) fcSrfflV\ x«y^y^^fe#S:. ~m 
btX. RF«^|$-1. 5kW, x>y^y^#iB$\<7)ffi 
1 0 P silz^Ltz. KcH. IMiX'/i-y'/x h -y 
A-ai4<0x.y^y^'-C{4. x-yf-y^^^SrSOffli-rS 
C:i:tJ;0x.y^y^^a5§S:®lffllUc. ^Ot#(OX>y 

^yf^m^^t. x-y?-y/atSi07xyNjiii*i%-tts-# 

^LT. '>XA:^ffl-ci LDMl 3*iSaiL^:^^J: dtc 

[0041] ^com. ±iBx-y^y/{cfflv^/v:^i^'xh 
IS (0^-ti:-f ) milf!<r>7-yi^yymi.zX ^m^t 

I., ^^7):^^, X>y^yjrxh-yA'114CILDKl 

3iimhiiX\.'^l<r)X\ ±siT-/i^yi^!mi,zi:r)l L 
DKl 3755x>yf-y^$tlS::t{4^r<, i^yilLDffi 
1 3tx-y^y/y^->'%JPi5<b=5:V\ 
[0042] JJCV^-C, :^iiiX yf"/^y ^SaatCj: 0 . X 
•y^y7"X h -yA-^ 1 4 S:X-y^yN'-y ^ LT . ±iail 1 

(Dmil 2i,zmt^mmiit:m^-thfzib(r>ma^i 5 

ffl<0±iex y^y^^X h y /'CJB 1 4 S:«UT . -f^*^ 

a5ii-iOx.y^yi/xh-yA-li4 2:KJ*-ri.. ^fc. ± 

mmiimm-immb-i:mmbii. mm. mm 
m^-^i'--yf^-thmizrrd u v^^yy ^ -miza 
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8 ) tr/Wrfy (Ar) t-K-fk^ (CO) tS-ffl 

[0043] <j:v^T'. 03O ( 3 ) (;^-r J; d (c. ±ia 
%,<DTwm^<rymmt^j:h i Moigi emm-h. 

dOIMDUl 6(i. W;c{f±iBILDjK13fc|lI«lico 
J; 0 U r 'J -;ux-r;i--C'}g«t & . -eo 

[0 0 44] ±^IMDM1 6±fc:. 

0 0 n mc0J?$ ICitSt LTJ^figt S , 
[ 0 0 4 5 1 »:V^T', 030 (4) l<Z^-ti.0\iZ. ffi^ 
OUy/^^^-gjffitx-y^y^/^tffikSrfflV^T. ± 
iBA-Hvx^ll7$r>'-«:5'--y^-t.|>. ^-f. f^- 
^7X9 1 7±t U j^';^ M13 1 S:Jg«L)tSfc, 'J V 
57 ^ -Mci 0 , ie»«^Jgfi!c-rS^ft<DBBPSI53 

[0046] ggV^T, 03O (5) (CS^-f ±E 

X^'ll 7Srx-y^y^LT. B^aSrJg^-fSJtm 
ffiPgi518S:Jgfig-ri.. C:n^><0X-yf->;/-C(4. 
i:LTJ4. -7^^*ho>x>yf-V^^S^fflV\ Xv-f 
yi/;yx(c^^:J'7;l'^D7'Ty (C4 Fg ) Cttf^S 
fi{4fif!i;t{f 1 0 s c c mfcig^D i: r}V^y ( A r ) 
Ctt*&8SailiM;it? 2 0 0 s c c mtcSJSD fcKS ( O 
2 ) Cttl^0«(4m{f2sccmtC^^:) i:SrfflV\ 
a«ifflJ^S:2 0'C, 2 kW, x-y^y^#HSl<0 
E:»jS:8Pa(cift^Uv:. 

[0 04 71 $/ofcA-H-7X^'JSl 7S:X yf-y^''7 
XCf\,zm^^X. IMD)il6S:X-y^>/U. il^?82 
lS:JgJ*t-|.. CliOX-yf-y^^T'tis iiex-y-fy/X 
h-yA'«14*«S2 l<^JSa5t=5r^-C, i^«21 
<7)x.yf->'^^i&f|tjJ:S-li:-6, c:c;)x.y^y/ 
h >y >'N-ll 4 S:X>y^y:/VX:?(;ffll,%-CSPI$ 1 5 
J:"? I LDUl 3^x>yf-y7'U. ±iemi<7)|&||l 2 

{cart-«.««BL2 2S-mi-4. i<t/i><ox>y^y/f 

{4, -mtLXM. 'v'jnyjftr^x-^x-y^yT'gffi 

Srfflvv x-yf->^^;<fxicr>'^::^r (NH3 ) C«*& 
mamt^il O O s c cmtclg^] Sr^V^. 
S: 1 0 O-C. V-xm:>]S: 1 . 5 kW. .'s'-f T;^t|:>]«: 
1 0 ow, x.y^yiri?ffl^c7)ff:>j$- 1 p afcfg^L 
/c. t,L<l4s -flSlW^rECRr^Xvx-yf-y^ilS 
S:fflv\ x.yf-y^^xrxfc:. (Nj ) t'v'J'^i. 
(He ) x-y^^^^^mi, x-yf-y^^SJffl 



§\<0ffi:*j2rlPa, V'f^'o«l::*jS:lkW, /MTX 
RFm:'jS:3 0 0WtciSS-ri.. 
[0 04 8] ^riJ, ±iEUi^';^MS3U4. IMDKl 

6, ILDISl3S:X-y^y^-tSiStl^$ixl.. ^ 

7t® 1 <7)ie^ 1 2±t§^ks^ u 3 ^iswi ^ ^j:wm± 
mm^^fix\.^h^^^z\i. ^m2 2^mu^ 
f^. '?-i7)raissiiji$ i^LTH 1 cnm 1 2<o«ffii& 

[0 0A9'[ttz. ffiMl«2lcOJga5tSaiL-CV^SX 
•yf-y^X h •y>'"?S 1 4 t:M*ttX7^y^<LTI^L 

[0050] -eoflfc. IISCD ( 6 ) tCS^-r i 0 tC, XA- 

I8>«2 li}J:t^gfi^2 2«0:g.rtBiifc>N'i;r^:J';UJi2 

:?;H2 3fcJ:tX^|g{4. A-Hv;^^';il 7±k:tfig 
m^tih, ±EA'i;r^^';H2 3{4, W;t{fg'fb^':^ 

9)VhL<\i9y 9)V^ 5 0 n meows (CJfia LTJ^^ 
tS, 'Srfc. A->jr^^';l.Jl2 3i7)fiiUitc5fei^T. S 
lOffiiKl 2i0lSffltJ^fig§flTV%|,g^Si!'fl:^^S:|^ 
*-rS!ta<>(c. XA-.y^x.y-?-j'^^^^Tdc:i:*«iJtL 
v\ -fLTXAVy^x-y^yiJ^f^ti. Bgfl:tt#H§\ m 
HSi;^) (c$<>-rc:t=5r<, A'yr^^';i^a2 3<??^ 
iKS:ff3C;t*<»ilLV\ mm. V^i3»9>Sin situ «l 

[005 1 ] ^(Dtk. mm^'v^mizx'o. mmi2 2 
iixuw&m2iimx'mtb'^ts. -s-ws, a-hvx 

:7«l7±tct,||IS*<?^)S§*tS. ijJV^T'CMPlCj: 
0, A-H-7X^Jil 7±<7)^3i-^iHlii;}J;VA'tir^ 
^';H2 3 2:I^L-C. iEMlS2 10rta5fcm2t^iitl 

2 4 Srjg^-ts t fc t izmmfi2 2 (oim^zm i (^msL 
1 2iz'mmizmt^r^i^2 5m^-th. ±mc 

MP<7)mZ\i. /N-h'VX^ll 7*5?3f^Xh«yA'i;^ 

SA*. A-H-7X^'®1 7<0J?§{wJ:-:>T{4> A-KV 
X:7Jil 7J4^m*SnSv:fc*<ftS. =6rti, ±E 

[0052] ll^{4L^V^*>\ $ /i>tC±iE I LDI^ 1 3 

com^ni^^mM2 4i5Xx/ryy2 5(7)mm:nt 

t1M^i<ztj:h, 

[00 5 3] i^i. ±xim\<r>m^mm^ti\yt. x 
[ 0 0 5 4 ] oil 0 . frieiftHj t^ccot nmz^ -yi-y 

h -yA-Ji 1 4 ^J^Jife-f -e^^. ji»iO'J y ^7 
7-(-S»i:X'yf-y^gffifcl&fflV^T, ±iBX>yf-y 

yxY-yfrniA^ai-y^yif-^h. CliOX-yf-y^f 
{i. ^-v''X^-?X^'S:fflV^T, ±i2x-y^>':J'Xb>y>N' 
a 1 4 1 , 0«i{f 1 <7W& 1 2 (=^Sif«E?LS- 

mm-ht:ib<mum 1 5 s-j^jsf * 1 1 1> ^tiiii 
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±simm.^mmhmit^(omit\i. mm. m 

[0055] UeSt^bxU 3 yK*»/J>^:Sx-yf-y/A 
h -y/m 1 4<Dx-yf-y^^'?{i, 0«;c{f-«W^rr7X 

Th77;i/jrn^^'>' (CF, ) tr;w:f> (Ar ) t 
-it^fc#8B(C0) ^:^:fflV^. X.y^V/^fefr^, 
tLT, RFS:(3^l. 5kW, x./'?->'^»HS^<0E 

:ftS:6PatiS^t;'::. 

[0056] di^^X\ ^^rttx-yf-y^^l^i OiJBWi^' 
xhv;^^«'|S|}*-f&. -eoB. ±121 LDllBlSfcS 

^rttx-y^yi/$ixs, ;c7)x-y^y/Ti±. -mbt 

X. — SW^ECR (Electron Cycrotron Resonance) 
r^Xvx-yf-y^^gSrfflv^ :si^y^yy-ffMz. m 
S(N2 ) fcA^iji^A (He ) tSrffl^K X y^y^^ 
Wi. X-y^V^^#H^Offi^}5:l Pa. 
^jSrlkW, A--YT;^RFt::/3Sr3 0 0WtiSS-rS. 
^riJ. I LDflll 3«0T«tJ4ieM^iai 13&«*>&<^T\ 

[0057] -e^om. ±^x -y^y^^fc J: Ol^Sit^ 
I LDBIoa5^)-&«*atft i: t{c±ie I LDIII 3± 

{c±iex-y^>^x h -yA-ji 1 4 srSd t<7)-c'iaiira(o 

l6Mil^t^rl.IMD|gl6S-JB^-ri.. iOIMDMl 

6{i. mt\im.i LDMi 3fcra«wjgjs^i«t=j:o 

^'JT'J-;px-T;i'-c»B!t-f^, mm 

[0058] ±iem 1 ffim^mmxmmLtz^Mwm 
m.(r>mmnmx'\t, x -yf-y^'x h ^yjm 1 4 srieift?s 

t) tC. Sfm 2 2 SrmtS fe46<?)iaP«» 1 5 ^X >y ^ 

y^/xh-yA-fli 4{c?gfig-rs^i:*^^>. x-y-f-y^/x 

h yAJi 1 4cOM*^t^*(7)S AD Dm^Zi. ^B^^tli, 

:r--v^y-/xV^vmb\mLX'Pti:<^j:h. S^. x 
X 7 f-y h 7 A-Jl 1 4 thiXX\^hZ.iL\,Z 

[ 0 0 5 9 ] tfc . ±iex 7 -fy^x h 7 A-l 1 4 SriE 
IMD|gl6t:iaiS«2lSr}^«L!tllgfc, 

StS^ 2 1 *«x 7 ^yi^x VyjmiA m^ditz. t 



;5r< X 7 ^ yyx b 7 A'li 4 ^izB^^iil Z b iz^j: 

ti^. ia8iii2 1 mm-miz. u v^^y y ^ -xs 
mm.mzt5\'^x-?x^^h-t-rtit<m.uzb lx 
m.m2 imm^iii>mmmmizi,j:-yi-y 

yX h 7A'a 1 4 ^ilg^-ri.COT\ X7^y^^X h 7/N' 

A 1 4 S-tt^tK UTiess 2 1 v: t (4^ 

v\ -e<^^>!>b. iM«2 i*igg<jgfi£$*i.3arTigi« 

1^1 2 tfii^SrS^-ri ^ i:{4^:V\ 
[ 0 0 6 0 ] »:t:. mr^BBLyim <^i^<7^st{cij 

ttS^^lIS:. a4co$!!3tIgll(cJ:^TUiaJ1--?.. II 
4-C{i:, miea3t<J:o-CSL3tffifiga5iai:|Siai<OtO 

[006 11040(1) {c^^i'Jfc:, frffi03o 

( 5 ) fcS^t^^cISKiJI^^t:. B2^«2 1 $-X7^y:/ 
X h 7A« 1 4 SrMffl I LDll 1 3 

[0062] ^<r>^m4<o ( 2 ) ttz^f^-rx p ic. HtiieE 

3<7) (6) lCS^UclSt|5l«tCtT, ili^«2 lc7)rt 
gpfclA' U r ^ 2 3 Sr^fr LXm 2 (Oi^ 2 4 5:^ 

-r & fc t i fc> 2 2 e^rtSPic^N* V 9)\^m 2 3 

i&^LT7'5/2 5 5r?gBg-r6. 

[0063] ±ie04 {c^L^ciSJi:&&-C'i4. x 7^y 

^Xh 7A-11 4fc:iElsat2 1 03 

X h 7A-Ji 1 4 i 0 t>iBlil^2 1 Sr^Lyi^^'tt. X 
^y^yyxV-/fmiA(7mWfi')f^j:<^j:'oX\,^h. i 
<r)lz^. x-yf-y^^xh-yASl 4cofi|cSW*^=3:<'S:-5 

[0064] ±^4 t^titS?3tIS-C«, mW&2 
l^mm-hmz. X7f-y^^xh7>''«®l4{ct>lSK 

m2ii:m^-th<nx\ x.'y^yyxh'y^mi Adzrn 
&Lt:mm2 immi. m3iZ7^Lt:mmijmi.zx 

[ 0 0 6 5 ] iKtc. **HH(om2<0^f*cgafc^t)|. 
SIMKOJ^^, 05<O«BS«Jia!ffBS0fc:J:->TiJiaBf 

I.. 05t'{4, 7r-xht*r (FV) ^lc«-:Jv>y::* 

[00 66] 05tC^-tJ:dK. Wttfi^U3ya«<0 

yy\/x^^ ^^Av^-^ (E^-t-f ) ^womm^ 
\im^^tix\^h, ^o^M5uc<4. «iE*itg5i 

<^mi<OEIi5 2*q^J«§tlTV^S. $ <i,fc-?-<^ite»IS 
5 l±t'A»oiail«S:}g)i)t-fSSlSTi:-?-<0jfffl{CJ4, 
X 7 y^^x h 7 AJi t ^rS t> <OT'*»o±feig 1 <rym. 
5 2S:SoriBiSii@<0l^^&^SI LD (Inter Le 
vel Dielectrics ) US 3*«. 0!l;e.{f 3 0 0 nm<OJPS 
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4Bzm^^tihmb-t?>, ±151 LDMSSii, M 
'J 3 y i, L < limiti^ 'J 3 y^j: t'X'B^^iiX i h 
[00 6 7] ^ i:>lZ±Mdmf^5 l±.Ui. US I LD 

ISi:^^ I MD (Inter Metal Dielectrics ) ^5 4 

0y;iKl LDK5 3Ji-C3 0 0nm<OW$l::jg«$ 
^^TV^|,, ^«0IMDK54{i. ±iEI LD^5 3i:|5] 

is^mmmx-m^^tix t i v\ 

[ 0 0 6 8 ] ±ie I MD)15 4±ic{i. WtJfKfllxy 
ai'S- 2 0 0 nmcOJf ${=t6atT^-i)A-Hv:^^'Jl 

Kuaispgp 56T<oiLDi^54 t{±iai« 6 1 m 

[0 0 6 9] ^:i>. mi(7)m^5 2±izmit>''jaym 
<DXo^j:mm±@mm^iix^^i>^^izii. mmn 

thxdi,zm'^^tix\>^^, 
[0070] $ <b t±iSieMi?i6 1 isxv^mmne 2<d 

ortSPtJi, ^<r>j^^)T?^^)vme3iitLx^ mui 
m^^tix^^h. 

[007 1] ^^\,Z. ±IEIMDJl54fciy^ll20gE 
*|64±K. ±BfmLt:<r)tnm:l I LD|i5 3. 
IMD)15 4. tgm6 2. iEJI«61. ll2c7)iEII6 

4, r=7yb5mm^Lx. mmmmnmLt^ 
[0072] ±iem2<o^«cjiiiT{±. ii5»ira<^« 

i^KO I LD)15 3{i, 1M6 1 *^'J^jS§itl.m^T 

i.m^<r)imm-^j:<tc^X\.^h. ii^. K-fbv-'Jn 
yll(i^$4. 2gffitSv^/ci6, 
m*S:^^l.iO-C'je^$iXl. I LDll5 3S:ii'-<i:<-t 
ffi«ra(m2c^i2ISl64.. 64fc<0|II) 
^^5«IIJira (^l<7)iEigl5 2i:IS2i7)ii;Ml6 4tOS) 

[ 0 0 7 3 ] iXt, ^2<Oi|i»i<^a<^im:6«tw«i5 



[0 074] ll5^{4L^rV^*^ ^3lf*««? (W;t{fi^'J 

-f ) 06(7) ( 1 ) i.zmxo\.z. m.Wi 

5 1 mmt . iRv^-cioasMiiiii 5 1 icm i <7)E» 5 

2^. Mi.{fHSC»^.JxTV^S«li5Slficffit^J:0J^« 
■ri.. -e<0«iSi|g5 1±{cmiiOie{|5 2$-S^t>tO-C 
lEi8Uiia<Oie«l!8i:=flr&I LD|g5 3S:. 0!li«T9X 
■7CVDSl:;J;i5> iS-fbi'l'^ySrSOO nmcO/p^tC 
tftaLTJgfSit-'l.. :i<r>ryX'7CVDmX'\±. ro-fe 
;^;^r;?.{c^:y i^^y ( s i H4 ) t L<«4xv5y ( s 
i2 He ) <^J:d^r$/9yiR;!r;^^fflv>S. mtM. W 
m^z^tJi^yy ( S i H, ) t-gfbz^s (N2 

o) i:S:ffiv\ »fii}ajss-3 5ox:. mmm%<^E.-)} 

^llcPa{=^UTjSlg|l&ffofc. ^:*J, ILDKl 

mmh^ti^^^x'hh. 
[0075] »:v^T06i^ ( 2 ) tc:s-f j: p mm<^ 
vvf^'^y ^-mbxyi-yi>'mbim\>^x. ±ib 

I LD|l5 3Sr>'N-^'-:^yi/-tS. ILDI153 

ixzwjx vm 1 s-j^jSL/vTf^. 'J y^7 7 -J -sffi 

{=J:0, JiiE^>''xMi7lfc. fiaRtfiiBmicoi^ 
5 2K^*«i!TL^Jg«-rS?ta^>iOBBPa57 2^m 

t±ieuxxMi7i^s-r. -ewf^. -5-<oi^v;^ms 

7 i^xo/f-y^^vx^'tcllv^/ix.yf-y/tio, ± 

IBI LDIl5 3S:x-yf-yi^L, ±12^1 c0iS^5 2t 

ai--g.jg8i?L6 2 bbh\.z. ^m^mm 

hW^Tt inmUnlM I L DIS 5 3 SrS U-C , -S-iO 
I LD1IB5 3SrB!*-*-S. ±ISE»«^Jg« 

[zax^x-^x^-^htitix^^:: Lx^^wimmifi ld 
•7x^'^cffl^^fc±lB^i^'x^M7 1 Srji^cor>yi^yy 

[0 07 6] »:V^T06<7) (3) KStti^C. ±iEte 

l±(c±IEILD)i5 3^a3tiO"CiiliaSi7)^ 

5 4*je)«-f&, i<^IMDK5 4{4, ^;Uf±teiL 

5 3 1 Piai<0}B^:frffi(c J; •) '-K' J r y -;Px-x;l^ 
•CJglS-r S . -!-<0l8ff {4, I L D !i 5 3 ±TmH£ 3 0 
0 nmt tfz. 

[0 077] $<i>kl, ±ieiMDafi54±fc. ^'N-FV 
Xi'm5 5imm-fh. C:cOA-Hvx^l5 5{4. W 
;ttfr9XvcvDi6tcJ:0, fi^;i{fi!<bj^!;3yS:2 

oonmm^izimtxmm-i. 

[0 0 78] <}i:v^-c, ii?Scoyy^^57^-fi^gi:x./ 
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[0079] ms^xmeff) ( 4 ) ics^-r j: a . ±15 

U>''Xh]^7 3$rX7^:^7'VX^'tCfflV^-C, 

y^<;y;^t:jr^^7;P3rn7'Ty (C4 Fg ) Cftf&SS 

1 Os ccmt^tft^] tr^Prfy (Ar ) 
C^I&SrdlJiWi 2 0 0 s c c mtcS^] tK^ ( O 
2 ) iimmimi.\i2 sec mtClg^] t Srffl«,\ 

««iass-2ox:, m:'j«:2kw, :si^y^yywsmn 

[0 0 80] $4>tC>'N-H^;^^'15 SSrX-yf-y^^v 
X^'tfflV^T. IMDK5 4S:X-yf->-^'L. i24|«6 
iSrJgfig-ri.. CLiOX-y^yj/tiS. ±ieiLDJi53 
*m?86 l«0JSa5fc^->Ts EiS«6 iSrJgfig-f^x 
•y^y^S:fif±§Hi:l.. i(7)iLDM5 3S: 

X-yf-y^VX^{CfflV^T I MD)i5 4*««l«>ai<i:t 
«i^6 2SrSl^^P-tl.. c:ii'^cox>y^y^^t'{i, 
-mt LTti. 'vU^yjfer^Xvx-y^yi/^gSrffi 

x-y^y^;!y>^fcr>t-r (NH3 ) c«t*&siE» 
{iwtjf 1 0 0 s c cmfciss] srfflv\ mom.^ 1 

0 o*c. y-xm:*!?- 1 . 5 kw. 1 0 

OW. x>y^>'^^#ffl^OE^lS:lPatiS^LJt. t 
L<{Js -««^:ECRr5Xvx.y^>^||S$-ffl 

(,\ x^y^y^^'xiz. mmiNi ) t^y-^A (h 

e) i:$rfflv\ X y^y/^mi. x.y^yi/#H^(^ 
Pa. ■7-<:5'n^:>]S:l kW. JU7XRF 

[0081] ^j:i5. ±mU=Jxm7 3li. IMDIiS 
4S:x-yf-y:5^^Sl^tc^SixS. ^/cHlOiiigS 

2±ts-fl:i^u 3 yis<oj: d ^j:mm±mmm^tix 

ISrl^iLTSIl (7)|ail5 2i0^ffiS:Sai$-tirSM^rtt 
x-yf-y^Sr^T^. 

[0 0 8 2] -eof^. 030 (5) fc^AoK, X^^ 

•yi^'jy:/. mmmi^KiicvDmizx^x, ±im 
msiaxx/mmie 2<7)^[>^miz/^07^ff\^m6 

m^ix^. ±i£A-uT^^';H6 3{i. mumiti^y 

L < > 5 On m<DJ$^ (CltS ixm^ 

th.^a. A' u r>x 6 3 <0figiSK5feioT . m 

1 c7)E^5 20^ffltcjgfi)t$*tTV>|, g^K^DS^Sris 
^thtziiiiZ. XJi-y^x^yi-y:/t:'ifoZbmtl 

^^. ^Lxxny^ji'v^y^mi. mmmsi, m 



^$-ffd^i:*«Jff^Lvn mm. «-^;b»9>6in situ Jft 
[0083] ^ffM. ll)B^-ydfatJ:»). Sfi^62 

^ivm6 3im^Lx. mjme immzm2(Dmt 

6 4 s-j^fig-ri. t t tg^me 2 mmzm 1 

5 2t«siwts^«?i-i.r7^6 5S:}gfig-ri>. ±iec 

MPOlgfcfi. A-h-vx^e5 53!)<gf@;^h-yA*i:^: 

[0084] ll^{it'5rV^*<, §4.lC±iei LD)il3 
<0®fiU:g*>4.^2<0ieilS64*>J:l^7'7^^6 5C0J^)« 

xntx-mmtnoztizx-iX. mws&m^ 
■rt:itt)^wztj:i. 

[0085] ±lfiB 2 «0^ifi<7)jg»T-fiBB L^c¥3^«s|| 

4 ^i5K«6 1 *qg^$ns««Ti: ^<ofi\miz(/)m 
m-htbuz. m^<r)immx'hi i ldk5 3{= 
««Bl6 2^mt-6v:fc*>^>. (^Fvatiom 

D^5 3*ijSt4>ixl.c:ttcJ:0, EISJIS (miiOffi 

[0086] tt:. x-yi-y^xh 'y^-^Mb^j:h I LD 
jS5 3 SrieiS«*«$tll.^t^Tt -S-Oj^fflfiO^liJ^ 

mthzbi}-^. mi.^s<7)mimx'hi i md)154{= 
isii^e 1 m^itzmz. m^me 1 a^ibisi^o^s 
mmhi I L Dii 5 3 mtixm^^iii z b ti^r 

tfz. mtmeim^-thmz. ';yr7 7-f-ig 

mme im^^iihmmTmmizi,j:-yi-y 
rmmi^thmi:mm-i>cox\ i LDig5 s^&a 

y). mmeim<m^^tm^'xTmm'hif^ 

1 cosas 5 2 bmimz-ti 0 ^j:Z bitrnz 
[0 087] ^iJ. ±ieiLD^13, IMD^ie. 
fcil^±IBIMDM5 4{i, ^-y^^Si^fcJidf-bn:/ 

)uxmm-iz bix't^.yy mnico-mb lx 
(i. y/i':^xiii-:!t(ymmx.ii. mtyymm. r 

7ny (PTFE) , ffiD . T^/W^rXr^ay Ci5II 
t{f, radtyaSS: T7nyAF (ffia^) . flUD . 

7 -y-fkr U -;WX— r;Ut L< {47 -y-rbKU 'f 5 HSrffl 
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[0088] ±167 ^;wm^^th \,z\t. wm% 

ilSt:J:0±ie7«y^ffllll<OHljlB«sS:M^iU. ^<n^. 
3 0 0 '0-4 5 0 'ZX^a-r-fh . =5:fc , 7 -y ^^t,T^ 

}V7rxi]-if-.ymmntr^^vy (C2 H2 ) , 
(C4 Fs ) ] S:rn-feX;iyxfc:fflv^;tr5XvcvD 



tc3 0 o'c~4 5 o'cf =^ aT-rs. ^fc. ±ieT^;l' 
7 T 7 o y{iT7 o >- A F i t ti^r 

< . Ti5<7)^b'^ ( 1 ) {c5^flijii&#tsi«f*n 

[0089] 
[^1] 



-CF 



-Cf-V 

/ \ ^ 

0 0 



CK. 



CF, 



(1) 



(^4>s m. nltjE<oett) 

[0090] ±iei LDKl 3. IMDKiekLT 

{i , ^ n.-K U V 7 H 7 o 'J V K 'J -7-^ 

tgfi)!.. i^^a.-Ky-7^-^Xh'7aU:tx-7'-y K'-KU 



[0091] 

[^1:2] 



-CF^-Ci' 



CF 



(CFj) — 



(2) 



-(cr2)y 



[0092]±IBILDIill3. IMDJg|164:tT i:{±^r<. TS<^)^1:^ (3) ICS^tflBt^^rfSt*^ 

E (ffia^) D SrfflV^S^tt^flgT'^S. 7>y-(l:JlfJ [00 9 3] 
7 'J /I'X-T/l'^eSBHiiie FLARE CRS^$ I. i [ 3 ] 



F F 




F F 



[00 94] ±ieiLDiS13. IMDffil6K 
^Xttjti^BBJBLitNanoporous Silica 

s:, wmmmim^.^xmsi^'rs'^-tz. ±ieNano 

porous S i 1 i c a{i^— 5X$^>JX?<7)ia 
anoporous S i 1 i c atlSSSilSi fcti 



J; p ^r'f-fe uy;l/-Cfe o r t>3Sffl-f 2. i i: 3i«T§ S . 
[0095] 

y^x^•y^^*li:Jt^StT^^^<<(:-5t:l«^S. ^<ni.^ 

IC. ^^jraV^tt^-CJgBg^itSX.y^y^^X 
h-yK®o«!ii«ai:.^>ixTV>SiO-C. ^Sfcil/IEIS 
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m<^m}m^j:mmmmm^ii. u^s^*. mm 
[ 0 0 9 6 ] n 1 mmmm(^m[jjmi>zxtn£. x 

^^tix\>^iff)X\ m:(omit'^v^ymx'mm^tLX 



iwmi mmmmTh s , 

[02 ] n 1 <^mwmizmtmimwymm 

mmmmmMmx'hh. 
[04 ] ^ 1 ffimwm.cnm.fmz^hhmm 
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S:iJiB^-ri.«lBSf8«»tffi0-C'$>«. . 
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(51) Int. CI. 7 mm^- FI (##) 

HOIL 21/^05 HOIL 21/88 B 

21/90 V 
S 



4M104 


BB04 


DDOS 


DD20 DD52 DD65 




DD67 


EE14 


EE17 EE18 FF13 




FF16 


FF22 


HH20 


5F004 


BA13 


BA14 


BA20 DAOO DAOl 




DA22 


DA23 


DA25 DA26 DB03 




DB07 


DB23 


EA23 EA28 EBOl 




EB02 


EB03 




5F033 


HH08 


HHll 


HH12 JJOl JJ08 




JJll 


JJ12 


MM02 MM05 MM13 




NN06 


PP27 


QQ09 QQll QQie 




QQ25 


QQ28 


QQ37 QQ48 QQ74 




RR04 


RR06 


RR08 RR21 RR22 




RR24 


SS15 


SS22 TT04 XX25 



